Background-Spousal caregivers of cancer patients suffer psychological and physical burdens that may affect their risk of subsequently developing coronary heart disease and stroke. Methods and Results-Cancer patients were identified in the Swedish Cancer Registry, and information on their spouses was retrieved from the Swedish Multi-Generation Register. Follow-up of caregivers was performed from the date of the first diagnosis of cancer in their spouses through 2008. Standardized incidence ratios were calculated for spousal caregivers of cancer patients compared with those without an affected spouse. After the cancer diagnosis in wives, the risks of coronary heart disease, ischemic stroke, and hemorrhagic stroke in husbands were 1.13 (95% confidence interval [CI], 1.10 -1.16), 1.24 (95% CI, 1.21-1.27), and 1.25 (95% CI, 1.18 -1.32), respectively. The corresponding risks in wives with an affected husband were 1.13 (95% CI, 1.10 -1.16), 1.29 (95% CI, 1.26 -1.32), and 1.27 (95% CI, 1.19 -1.34). The increases were consistent over time and were more pronounced if the spouse was affected by a cancer with a high mortality rate, such as pancreatic and lung cancers. Conclusions-Spousal caregivers of cancer patients have increased risks of coronary heart disease and stroke that persist over time. Clinical attention should be paid to spousal caregivers, especially those caring for cancer patients with high mortality rates. (Circulation. 2012;125:1742-1747.)
H aving a family member diagnosed with cancer is highly traumatic for the whole family, especially for the spouse, whose well-being will be affected in many ways, including psychologically, physically, socially, financially, and spiritually. [1] [2] [3] [4] [5] Distress, anxiety, and fear are common feelings for the spouses of cancer patients, and these symptoms may be more noticeable when the cancer is first diagnosed. 1 Psychological stress consistently has been shown to be associated with an increased risk of cardiovascular diseases, 6 -9 and the risk of stroke has also been shown to be increased in those who experience psychological stress. 10 Although caregivers' psychological reactions have been examined in some previous studies, 2,3,11 the risk of coronary heart disease (CHD) and stroke in spousal caregivers of cancer patients has received minimal attention. In the present study, we examined the incidence of CHD and stroke in the spouses of cancer patients after they were diagnosed with cancers at different sites. The risk of CHD and stroke was also examined before the diagnosis of cancer to evaluate possible associations with lifestyle factors shared by spouses, because long-term cohabitation could result in shared habits, such as smoking and high alcohol consumption. 12 
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Methods
This study was approved by the Ethics Committee at Lund University, Sweden. Data used in this study were retrieved on all individuals registered as residents in Sweden from several national Swedish data registers, including the Swedish Cancer Registry, 13 the Swedish National Population and Housing Census (1960 -1990 ), 14 the Total Population Register, the Multi-Generation Register, 15 and the Swedish Hospital Discharge Register (1964 -2008) . 16 The data included individual-level information on age, sex, occupation, geographic region of residence, country of birth, hospital diagnoses, date of emigration, and date and cause of death, provided to us by Statistics Sweden and the National Board of Health and Welfare. All incident cancers diagnosed between 1987 and 2008 were identified in the National Swedish Cancer Registry, which was founded in 1958 and is maintained by the National Board of Health and Welfare. At present, its coverage is close to 100%. The Cancer Registry uses 4-digit codes according to the International Classification of Diseases-Seventh Revision (ICD-7), and these were used to identify incident cancer diagnosed during the study period (ICD-7 codes 140 -209). In Sweden, it is compulsory for clinicians and pathologists/cytologists to report all newly diagnosed cancers to the Cancer Registry. 13 The following ICD-7 codes were grouped together: 161 (larynx) and 140 to 148 (lip, mouth, and pharynx), excluding 142 (salivary glands), were grouped as "upper aero digestive tract" cancers; codes 200 and 202 were grouped as "non-Hodgkin lymphoma"; and codes 204 to 207 (leukemia), 208 (polycythemia vera), and 209 (myelofibrosis) were grouped as "leukemia." Rectal cancer was subdivided into cancers of the anus (squamous cell carcinoma, 154.1) and mucosal rectum (154.0). A total of 35 cancer sites were included.
Cancer patients were linked to their spouses by use of information in the Multi-Generation Registry. Individuals who were the parents of the same biological children and who had lived together for at least 10 years were considered to be spouses. Couples without children or who had lived together for Ͻ10 years were not included in the study. Additional linkages were performed to the Swedish National Population and Housing Census to obtain data on individual socioeconomic status, to the Cause of Death Register to identify date of death, and to the Emigration Registry to identify date of emigration. All linkages were performed by use of an individual national identification number that is assigned to each person in Sweden for his or her lifetime. This number was replaced by a serial number to provide anonymity.
Person-years at risk were calculated for the spouses of cancer patients from the date of diagnosis of cancer until the date of diagnosis of CHD or stroke, death, emigration, or the end of the study period (December 31, 2008), whichever came first. The follow-up time was divided into different periods: Ͻ1 year, 1 to 4 years, and Ն5 years. Standardized incidence ratios (SIRs) were calculated as the ratio of the observed and expected number of cases. 17, 18 The expected number of cases was calculated according to the incidence rate for all individuals without an affected spouse. SIRs were standardized by 5-year age group, sex, 5-year time period, socioeconomic status, geographic region, and comorbidity. 19 Comorbidity was defined as first hospital diagnosis during follow-up for chronic obstructive pulmonary disease (ICD-9 490 -496; ICD-10 J40 -J49), obesity (ICD-9 278A; ICD-10 E65-E68), alcoholism (ICD-9 303; ICD-10 F10), and hypertension (ICD-9 401-405; ICD-10 I10 -I15). Ninety-five percent confidence intervals (CIs) for the SIRs were calculated assuming a Poisson distribution and were rounded to the nearest 2 decimals. 19 All analyses were performed with SAS version 9.1 (SAS Institute, Cary, NC).
Results
In Sweden, a total of 1 352 656 couples with common children had lived at the same address for at least 10 years during the study period 1987 to 2008. Among them, 122 683 women were diagnosed with cancer ( Table 1) . The median year of diagnosis in women was 2000, and at the time they were diagnosed with cancer, the median age of their spouses was 66 years. The commonest cancer in women was breast cancer. A total of 161 287 men were diagnosed with cancer, with a median year of diagnosis in 2002, and at the time they were diagnosed with cancer, the median age of their wives was 67 years. The commonest cancer in men was prostate cancer. The worst prognosis was noted for men and women with pancreatic, liver, esophageal, or lung cancer. Table 2 presents the risks of CHD and stroke in spouses of women (ie, husbands) affected with cancer. The reference group was men without an affected spouse. Only those cancer sites with Ͼ100 CHD cases are listed. Before the diagnosis of cancer, the overall risks were slightly higher in the husbands with a wife affected with cancer than those without an affected wife. The SIRs were 1.03 for CHD (95% CI, 1.01-1.04), 1.05 for ischemic stroke (95% CI, 1.02-1.08), and 1.04 for hemorrhagic stroke (95% CI, 0.98 -1.11). Particularly increased risks were noted before the diagnosis of certain site-specific cancers, including stomach, liver, pancreatic, and lung cancers. After the diagnosis of cancer, the overall risks among the husbands increased to 1.13 (95% CI, 1.10 -1.16), 1.24 (95% CI, 1.21-1.27), and 1.25 (95% CI, 1.18 -1.32) for CHD, ischemic stroke, and hemorrhagic stroke, respectively. A total of 12 cancer sites were associated with an increased risk of CHD, 16 cancer sites with an increased risk of ischemic stroke, and 6 cancer sites with an increased risk of hemorrhagic stroke after the cancer diagnosis. The risks in husbands were further analyzed by follow-up interval (data not shown). The risk of CHD was 1.18 (nϭ947; 95% CI, 1.10 -1.25), 1.20 (nϭ2992; 95% CI, 1.16 -1.25), and 1.05 (nϭ3000; 95% CI, 1.02-1.09) Ͻ1 year, 1 to 4 years, and Ն5 years, respectively, after the diagnosis of cancer. The corresponding SIRs for ischemic stroke were 1.28 (nϭ664; 95% CI, 1.18 -1.38), 1.30 (nϭ2236; 95% CI, 1.25-1.36), and 1.19 (nϭ2775; 95% CI, 1.14 -1.23), and for hemorrhagic stroke, they were 1.27 (nϭ131; 95% CI, 1.07-1.51), 1.30 (nϭ453; 95% CI, 1.18 -1.43), and 1.21 (nϭ616; 95% CI, 1.12-1.31). Among those spouses of women affected with cancer and who died during the follow-up period, the SIRs for CHD, ischemic stroke, and hemorrhagic stroke were 1.20 (nϭ1737; 95% CI, 1.14 -1.25), 1.28 (nϭ1317; 95% CI, 1.21-1.35), and 1.33 (nϭ252; 95% CI, 1.17-1.51), respectively. Table 3 presents the risks of CHD and stroke in spouses of men (ie, wives) affected with cancer. The reference group was women without an affected spouse. Only those cancer sites with Ͼ100 CHD cases are listed. Before the diagnosis of cancer, the overall risks of CHD and stroke in the wives with an affected husband were significantly lower than in the wives without an affected husband with SIRs of 0.88 (95% CI, 0.86 -0.90) for CHD, 0.86 (95% CI, 0.84 -0.89) for ischemic stroke, and 0.81 (95% CI, 0.76 -0.87) for hemorrhagic stroke. Increased risks in the wives were only observed for stomach cancer (CHD) and pancreatic cancer (ischemic stroke) before the cancer diagnosis. After the diagnosis of cancer, the overall risks of CHD, ischemic stroke, and hemorrhagic stroke in the spouses of male cancer patients increased to 1.13 (95% CI, 1.10 -1.16), 1.29 (95% CI, 1.26 -1.32), and 1.27 (95% CI, 1.19 -1.34), respectively. A total of 7 specific cancer sites were associated with an increased risk of CHD, 11 with an increased risk of ischemic stroke, and 5 cancer sites with an increased risk of hemorrhagic stroke. The risks were further analyzed in the wives by follow-up interval (data not shown). 
Discussion
In this population-based study, a total of 122 683 men and 161 287 women were diagnosed with cancer between 1987 and 2008, and the risk of CHD and stroke among spouses was examined after and before the diagnosis of specific cancers. The main finding was that the risks of CHD and stroke were significantly increased in spousal caregivers after their spouses were diagnosed with cancers at different sites. The increase was more pronounced when the spouses were diagnosed with cancers with high mortality rates, such as pancreatic, lung, and liver cancers. An important strength of the present study is that all data were retrieved from nationwide Swedish registers. The large number of patients included guaranteed reliable risk estimates. The prospective study design and the completeness of the follow-up of patients are other major advantages of the present study. In addition, the SIRs were adjusted for a number of comorbidities, which minimized confounding. One limitation of the present study is the lack of information on some individual-level risk factors, such as smoking, alcohol consumption, dietary habits, and psychosocial factors and sociocultural behaviors. However, we attempted to control for their confounding effects by adjusting for socioeconomic status, which is associated in part with these factors. Another limitation is that some findings may have been caused by chance because of the multiple comparisons performed. In addition, only those spouses with children and who had lived together for at least 10 years were selected in the present study, and the results may be applicable only to these specific spouse pairs. Before the diagnosis of cancer in the female patients, the risk of CHD and stroke in their husbands was slightly higher than in the reference group, which suggests that the prevalence of risk factors related to CHD and stroke was somewhat higher in the spouses of female cancer patients than in the reference group. Cancers of a few sites, including esophageal, stomach, liver, pancreatic, and lung cancers, were associated with a particularly increased risk of CHD or stroke, which is consistent with the notion that long-time cohabitation will lead to a similar lifestyle in spouses, such as smoking and high alcohol consumption. 12 These similar lifestyles in spouses may contribute to both cancer development and CHD and stroke. Previous study has shown that cancer risks for stomach, lung, and urinary bladder have concordant increases over time among long-standing spouses, which suggests a shared lifestyle in these couples. 12 A meta-analysis of alcohol drinking and cancer risk suggested that at least 10 cancer sites, including stomach, liver, and esophagus, were significantly associated with alcohol drinking. 20 Cigarette smoking, even passive smoking, has also been consistently associated with lung, oral, pancreatic, urinary bladder, stomach, and kidney cancer. 21 However, many of these cancer types also have high mortality rates, which may increase the risks of CHD and stroke in the spouses.
In contrast, the risk of CHD and stroke was significantly lower in the wives of male cancer patients before the diagnosis of cancer. Although the mechanisms behind these findings are unclear, these effects were mainly found in wives of male patients diagnosed with rectal, prostate, urinary bladder, and skin cancer (melanoma and squamous cell), ie, cancer that may in part be associated with heavy alcohol drinking and excessive sun exposure. 20, 22 It is possible that moderate alcohol drinking and sun exposure in spouses of these male cancer patients [23] [24] [25] [26] is associated with a decreased incidence of cardiovascular diseases. 27, 28 Most important, however, is that the diagnosis of cancer in men and women significantly increased the risk of CHD and stroke in their spousal caregivers after the cancer diagnosis. The risk was increased irrespective of the sex of the caregiver and persisted over time. These findings suggest that psychological distress after the cancer diagnosis may play an important role in the risk of CHD and stroke. The risk of CHD and stroke was similar among men and women after the diagnosis of cancer in their spouse, although the risk difference after the cancer diagnosis compared with before the cancer diagnosis was larger among women with an affected husband than among men with an affected wife.
Caregivers of cancer patients have consistently been shown to experience high levels of fatigue related to the increased physical burden, as well as distress, depression, and poor quality of life. 29 -31 General dysregulation of inflammatory control has been reported in these caregivers, as shown by the persistent increase in serum C-reactive protein levels and the increased diurnal production of salivary amylase, a marker of sympathetic nervous system activity. 2 The observed dysregulation of inflammatory control and increased signs of inflammation among spousal caregivers of cancer patients may explain their increased risk of CHD and stroke, because chronic inflammation is associated with cardiovascular diseases and stroke. [32] [33] [34] [35] The present study is also consistent with previous literature examining the health-damaging effect among caregivers of patients with other chronic diseases, such as Alzheimer disease, 36 -38 which suggests that health-damaging effects are common in caregivers of family members with chronic and fatal diseases. The risk of CHD and stroke in caregivers in the present study was particularly high when their spouses were diagnosed with cancers with high mortality rates, such as pancreatic and lung cancers. One possible explanation for this finding is that caregivers of patients with fatal cancers experienced more stress because they knew or suspected that they would shortly lose their partner. Given the robust findings from the present study, it could be worthwhile to implement preventive interventions that focus on psychological stress and/or adverse lifestyle factors among spousal caregivers to cancer patients to reduce their potential risk of CHD and stroke. Previous studies consistently have shown that behavioral interventions can significantly reduce the stress and distress in family caregivers of patients with chronic and fatal diseases and decrease their subsequent risk of cardiovascular diseases. 36 -40 In summary, spousal caregivers of cancer patients experienced a persistent increase in risk of CHD and stroke after the diagnosis of cancer in their spouses, which illustrates the need for clinical attention and support to be given to them.
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